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(54) MEASUREMENT METHOD FOR SURFACE SHAPE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a measurement metliod for 
surface shape capable of avoiding the effect of converging time of every 
contact point of object to be measured in vibrator type contact detection, 
maintaining high measurement accuracy and raising work efficiency. 
SOLUTION: A measurement method for surface shape includes a process 
that a touch signal probe 1 GO is moved to contact on the surface to be 
measured by the command of a command velocity vector Vn. a process 
that the distance to the surface to be measured is controlled so that the 
amplitude information value An of the detection signal outputted from a 
detection circuit 5 becomes a specified reference information value As, 
the touch signal probe 1 00 is moved along the surface to be measured 
and the surface to be measured is scanned so as to output the amplitude 
information value An and its corresponding actual position rn, and a 
process that an estimated surface position Rn estimated to be obtained 
when it is scanned so that the amplitude information value An and its 
corresponding actual position rn become constant is operated. 
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CLAIMS 

[Claim(s)] 

[Claim 1] The base material which exercises the inside of three-dimensions space by the predetermined instruction 
velocity vector by the instructions from the outside. Stylus which has the contact section which is supported by this 
base material and contacts a device under test. An excitation means to resonate the aforementioned stylus on frequency 
fl to shaft onentations. A detection means to detect change of vibration of the aforementioned stylus by this excitation 
means. It is the surface type-like measuring method equipped with the above, by instructions of the aforementioned 
mstruction velocity vector The process contacted on the front face which should be made to move the aforementioned 
contact detection probe and should measure the aforementioned device under test, Controlling distance with the 
aforementioned front face which should carry out measurement so that the amplitude information value An of the 
aforementioned detecting signal outputted from the aforementioned detector turns into the predetermined criteria 
information value As The process which scans the aforementioned front face which should cany out measurement with 
moving the aforementioned contact detection probe along the aforementioned front face which should carry out 
measurement, and outputting the real position m corresponding to the aforementioned amplitude information value An 
and this. It is characterized by including the process which calculates the presumed surface position Rn presumed to be 
obtamed when it scans so that the real position m corresponding to this to the aforementioned amplitude information 
value An and the aforementioned amplitude information value An may become fixed. 

[Claim 2] The aforementioned instruction velocity-vector Vn+1 in the process which carries out die aforementioned 
scan m a surface type-like measuring method according to claim 1 is a surface type-like measuring method 
characterized by what it opts for by supposing that it is equivalent to the doubled value proportionality-constant k 
about the scalar of the outer product of the last value Vn and Vn+1 concerned to the difference of the aforementioned 
amplitude information value An and the aforementioned criteria information value As. 

[Claim 3] The aforementioned presumed surface position Rn calculated in a surface type-like measuring method 
according to claim 1 or 2 at the aforementioned process which carries out an operation After deciding the following 
fruit position m+1 to the aforementioned real position m, make the aforementioned real position m into the starting 
point, arid in the size corresponding to the aforementioned amplitude information value An the above - a degree ~ real 
~ position m+1 and one before ~ real ~ the surface type-like measuring method characterized by being the position 
amended by the sense which intersects perpendicularly with the straight line which connects position m-1 
[Claim 4] The aforementioned presumed surface position Rn which calculates at the aforementioned process which 
cames out an operation in a surface-type-like measuring method according to claim 1 or 2 is the surface-type-like 
measunng method which makes the aforementioned real position m the starting point, and is characterized by to be a 
size corresponding to the aforementioned amplitude information value An, and to be the position amended by the sense 
which intersects perpendicularly with the straight line which connects fruit position m-1 in front of the aforementioned 
real position m and one. 

[Claim 5] The aforementioned presumed surface position Rn calculated in a surface type-like measuring method 
according to claim 1 or 2 at the aforementioned process which carries out an operation The surface type-like measuring 
method which makes the aforementioned real position m the starting point, and is characterized by being the position 
amended by the sense of the perpendicular taken down from the aforementioned real position m to the curve specified 
at least according to three points of fruit position m+1 of the aforementioned real position m and this near, and m-1 in 
the size corresponding to the aforementioned amplitude information value An. 

[Claim 6] The aforementioned presumed surface position Rn calculated at the aforementioned process which carries 
out an operation in a surface type-like measuring method given in any of a claim 3 - a claim 5 they are is a surface 
type-like measuring method characterized by seasoning ftirther the size corresponding to the aforementioned amplitude 
mformation value An with the amount D of offset to the stylus shaft of the contact section of the aforementioned 



stylus. 

[Claim 7] In a surface type-like measuring method given in any of a claim 1 - a claim 6 they are, the scan to the 
aforementioned front face which should carry out measurement is completed previously. The real position m 
corresponding to all required aforementioned amplitude information value An and this required about the 
aforementioned front face is memorized one by one to the meantime. The surface type-like measuring method 
characterized by performing the aforementioned operation from the information value groups AO-Am memorized after 
this and the real position gmixps rO-rm corresponding to this, and obtaining the presumed surface position groups RO- 
Rm. 

[Claim 8] In a surface type-like measuring method given in any of a claim 1 - a claim 7 they are the aforementioned 
contact detection probe Furthermore, have the 2nd excitation means which resonates the aforementioned stylus on 
frequency f2 in the axial intersection direction, and it sets at the aforementioned process which carries out a scan. The 
surface type-like measuring method characterized by latching the amplitude information value An of the 
aforementioned detecting signal outputted from the aforementioned detector when a predetermined phase has vibration 
by the excitation means of the above 2nd, and confroUing this latched amplitude information value An as compared 
with the aforementioned criteria information value As. 

[Claim 9] It is the surface type-like measuring method characterized by carrying out the abbreviation rectangular cross 
with the move direction of the aforementioned base material in the aforementioned process which carries out a scan 
while the direction of vibration of the aforementioned stylus by the excitation means of the above 2nd carries out an 
abbreviation rectangular cross in a surface type-like measuring method according to claim 8 at the shaft orientations of 
the aforementioned stylus. 

[Claim 1 0] It is the surface type-like measuring method characterized by setting for a surface type-like measuring 
method given in any of a claim 1 - a claim 8 they are, and for the aforementioned base material having a posture 
operation means to make the aforementioned contact detection probe rotate and incline into an arbitrary posture, and 
operating the posture of the aforementioned contact detection probe according to the configuration of the 
aforementioned device under test. 

[Claim 11] The surface type-like measuring method characterized by operating the aforementioned posture operation 
means so that the direction of vibration of the aforementioned stylus by the excitation means of the above 2nd may turn 
into the dfrection of a normal of the front face of the aforementioned device under test where the aforementioned 
contact section contacts in a surface type-like measuring method according to claim 10. 

[Claim 12] Vibration of the aforementioned stylus according [ on a surface type-like measuring method given in any of 
a claim 8 - a claim 1 1 they are and ] to the excitation means of the above 2nd is a surface type-like measuring method 
characterized by the linear thing. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to improvement in the measurement efficiency at 
the time of using the contact detection probe of a supersonic oscillation formula especially, and precision about the 
surface type-like measuring method which measures the shape of surface type of a device under test with the contact 
process probe attached in the three dimensional measurer etc. 
[0002] 

Background of the Invention] The height gage (single dimension measuring instrument), the three dimensional 
measurer, and the profile measuring instrument are known as measuring equipment which performs measiirement of 
the configuration of a device under test, or a size. In order to detect the physical relationship of the main part of 
measuring equipment, and a device under test, various probes are used for such measuring equipment. These probes 
are classified into a non-contact formula probe, a contact process probe, a conitinuous measurement probe, a contact 
detection probe (touch trigger probe), etc. And as a contact detection probe for three dimensional measurers, the 
ultrasonic formula touch signal probe indicated by JP,6-221806,A is known. 

[0003] The touch signal probe indicated by the aforementioned official report is constituted including the stylus which 
has the contact section in contact with a device under test at a nose of cam, the stylus electrode holder which supports 
this stylus, an excitation means to resonate stylus to shaft orientations, and a detection means to detect change of 
vibration of the stylus by this excitation means. If according to such a touch signal probe a point is contacted to the end 
face of a device under test where stylus is vibrated by the excitation means, since the state of vibration of stylus will 
change with contact force, the end-face position of a device under test is detectable by detecting this change by the 
detection means. 

[0004] Since the diameter of a stoma etc. is measured using such an ultrasonic formula touch signal probe, in order to 
make a stoma etc. measurable, the touch signal probe shown in Japanese Patent Application No. No. 220474 [ ten to ] 
as an ultrasonic formula touch signal probe with which the miniaturization was attained is proposed. As shown in 
driLwingJl , this touch signal probe 100 is equipped with the stylus electrode holder 101, stylus 102, excitation means 
103 A, and detection means 103B. While contact section 102 A in contact with a device imder test is prepared at the 
nose of cam of stylus 102, counterbalance 102B is prepared in the end face, and let the shaft-orientations mid gear of 
stylus 102 be a center-of-gravity position. And if stylus 102 is vibrated to shaft orientations, the paragraph of vibration 
will serve as this center-of-gravity position. 

[0005] Such a touch signal probe 100 doubles contact section 102 A with this stylus 102, and constitutes it from a 
spherule of a minor diameter while it constitutes stylus 102 fi-om a narrow cylindrical member, in order to enable 
stoma measurement. Moreover, since the stylus electrode holder 101 is difficult, supporting such narrow stylus 102 by 
one place is supporting it stylus 102 by two places across the center-of-gravity position of stylus 102. 
[0006] Excitation means 103 A and detection means 103B halve the piezoelectric device 103 arranged so that two 
supporting section of the stylus electrode holder 101 may be straddled, and are constituted. And if stylus 102 is 
resonated in accordance with shaft orientations by excitation means 103 A, the paragraph of vibration will be produced 
in the center-of-gravity position of stylus 102, and let supporting section of the stylus 102 of the stylus electrode holder 
101 be the position which sandwiches the paragraph of this vibration. 

[0007] According to such a touch signal probe 100, since the stylus electrode holder 101 is supporting stylus 102 by 
two places on both sides of the paragraph of vibration, even if it constitutes stylus 102 from a narrow cylindrical 
member extremely, it can be made to be able to support with the stylus electrode holder 101, and inside measurement 
of the large stoma which is an aspect ratio etc. can be performed. 

[0008] On the other hand, the method (tapping method) which performs contact to the front face of a device under test 



by oscillating operation is also developed (Japanese Patent Application No. No. 96377 [ 1 1 to ] etc.). This method 
prepares tiie 2nd excitation means in the stylus electrode holder 101 mentioned above, vibrates stylus 102 by this 
excitation means, and vibrates contact section 102 A at the nose of cam in the direction which carries out contiguity 
isolation to a device under test. According to such a tapping method, even if the rigidity of stylus 102 is small, length 
**** (agglutination phenomenon) by the device under test is avoidable because contact section 102A carries out 
contiguity isolation to a device under test even if it moves stylus 102 along the front face of a device under test and 
measures the shape of surface type continuously. Therefore, there are effects, like improvement in the working 
efficiency by conitinuous measurement can be aimed at, maintaining high degree of accuracy. 
[0009] 

[Problem(s) to be Solved by the Invention] However, in the touch signal probe of a supersonic oscillation formula 
mentioned above, the timing which outputs the trigger of contact detection influences the accuracy of measurement. 
That is, if the stylus which vibrates by the excitation means approaches a device under test and the contact section 
contacts on the surface of a device under test, vibration will begin to be suppressed for contact at the ****** time, and 

further -- approaching a certain amount of contact pressure - with, vibration of stylus is further suppressed 
because the contact section and tiie front face of a device under test contact Under the present circumstances, since 
there is a correlation in the forcing state over the front face of a device under test, and the suppression state of 
vibration, the output signal of a detection means is supervised, if it judges that suppression of vibration reached 
predetermined level, the indentation of the stylus to a device under test will become fixed, and the exact position 
detection of it will be attained. 

[0010] however if position measurement of one point of the front face of a device under test is made to carry out 
contiguity isolation of tiie stylus until it is completed as a predetermined state by the vibrational state of stylus in the 
position - detecting ~ etc. - a repetitive job is required Especially, conitinuous measurement of the front face of a 
device imder test etc. has a possibility that the sum total of working hours may become huge, in inspecting many 
points. Although the grade which is not made to converge the vibrational state of stylus strictiy in the position in the 
case of position measurement of each point of a device under test, but is converged even within the limits of 
predetermined on the other hand at it, then working hours can be shortened, they bring a result which is naturally 
inferior in tiie accuracy of measurement in this case. 

[001 1] It is to offer the surface type-like measuring method which has working efficiency raised, the purpose of this 
invention avoiding the influence of tiie convergence time for every point of contact of the device under test in contact 
detection of an oscillating type, and maintaining the accuracy of measurement highly. 
[0012] 

[Means for Solving the Problem] tiiis invention notes that the complicatedness which stylus was moved to the position 
where the vibrational state of stylus will be in a predetermined state, and the conventional oscillating-type contact 
detection was computing tiie contact position by having read tiie stylus positional information in this position, and 
makes carry out contiguity isolation of the stylus finely for tiiis reason had become convergence time. And stylus shall 
not be made to actually settle in a predetermined position, but the information from the detection means acquired in 
near and the information on the predetermined position which should have been made to settle down conventionally 
from the positional information of stylus shall be calculated, and it enables it to measure tiie position of the front face 
of a device under test often [ precision ] and efficientiy by this. 

[0013] The base material which specifically exercises the inside of three-dimensions space by tiie predetermined 
instruction velocity vector by the instructions from the outside. The stylus which has tiie contact section which is 
supported by this base material and contacts a device imder test. The contact detection probe equipped with an 
excitation means to resonate the aforementioned stylus on frequency fl to shaft orientations, and a detection means to 
detect change of vibration of the aforementioned stylus by this excitation means is used. It is the surface type-like 
measuring method which measures the shape of surface type of the aforementioned device imder test from the position 
of the base material at the time of the aforementioned contact section contacting the front face of the aforementioned 
device imder test, by instructions of the aforementioned instruction velocity vector The process contacted on the front 
face which should be made to move the aforementioned contact detection probe and should measure the 
aforementioned device under test. Controlling distance with the aforementioned front face which should carry out 
measurement so tiiat tiie amplitude information value An of tiie aforementioned detecting signal outputted from the 
aforementioned detector turns into the predetermined criteria information value As The process which scans the 
aforementioned front face which should carry out measurement with moving the aforementioned contact detection 
probe along the aforementioned front face which should carry out measurement, and outputting the real position m 
corresponding to the aforementioned amplitude information value An and this, It is characterized by including the 
process which calculates the presumed surface position Rn presumed to be obtained when it scans so that the real 



position m corresponding to this to the aforementioned amplitude information value An and the aforementioned 
amplitude information value An may become fixed. 

[0014] As a contact detection probe, the touch signal probe of a supersonic oscillation formula mentioned above can be 
used. Stylus should just be taken as the structure supported through the stylus electrode holder connected to the base 
material. As an excitation means, the existing drive elements, such as a piezoelectric device, can use suitably. In order 
to operate this excitation means, you may connect a power supply and a drive circuit outside, A piezoelectric device 
can also constitute a detection means and the existing composition, such as structure united with the excitation means, 
can adopt suitably. The drive of a base material may be dependent on the existing three dimensional measurer, and 
operation should just be made to be performed based on the instruction program performed by an extemal controller or 
an extemal computer system. The operation of collection of the amplitude information value An from a detection 
means, control in ahgnment with the criteria information value As, and the presimied siuface position Rn etc. can be 
performed by the controller or computer system of these exteriors. Collection of the amplitude information value An in 
the process to scan and the real position ra and the operation of the presumed surface position Rn may be performed in 
parallel, and you may perform each process one by one so that it may mention later. While detecting m position as 
carrying out in parallel, it means [ calculating amplitude information value An-2 in front of a number step, and finit 
position m-2 to presxmied surface position Rn-2 by the extemal computer etc., etc. and ]. 

[0015] In such composition, after contacting stylus on the surface of a device under test, the amplitude information 
value An of each point and the real positions m are collected by the scan of the aforementioned front face, and the 
presumed surface position Rn of each point calculates from these. Under the present circumstances, although stylus has 
distance with a front face controlled so that the amplitude information value An of each point tums into the criteria 
information value As, it does not stop at each point until it is completed as the criteria information value As by the 
ampUtude information value An, and does not take convergence time like before. On the other hand, the presumed 
surface position Rn of each point can draw the real position m with an amended type with the amplitude information 
value An, and even if stylus does not arrive at the position of the amplitude information value An= criteria information 
value As, it can acquire an exact value. 

[0016] As for the aforementioned instruction velocity-vector Vn+1 in the aforementioned process which carries out a 
scan, in this invention, it is desirable to be determined by making the scalar of the outer product of the last value Vn 
and Vn+1 concerned equivalent to the value doubled proportionality-constant k to the difference of the aforementioned 
amplitude information value An and the aforementioned criteria information value As. If it does in this way, control to 
which stylus is moved so that the amplitude information value An mentioned above may approach the criteria 
information value As can be performed simply and appropriately. 

[0017] The aforementioned presumed surface position Rn calculated in this invention at the aforementioned process 
which carries out an operation the aforementioned real position m ~ receiving - a degree - real the size 
corresponding to [ after deciding position m+1, make the aforementioned real position m into the starting point, and ] 
the aforementioned amplitude information value An - the above - a degree - real - position m+1 and one before - 
real ~ it can consider as the position amended by the sense which intersects perpendicularly with the straight line 
which connects position m-1 If it does in this way, the presumed surface position Rn can be obtained with a sufficient 
precision by the easy operation. 

[0018] Moreover, the aforementioned presumed surface position Rn calculated at the aforementioned process which 
carries out an operation makes the aforementioned real position m the starting point, is a size corresponding to the 
aforementioned amplitude information value An, and can make it the position amended by the sense which intersects 
perpendicularly with the straight line which connects fruit position m-1 in front of the aforementioned real position m 
and one. If it does in this way, since the following fruit position m+1 is unnecessary, data processing of the detection 
data can be carried out immediately. 

[0019] Furthermore, the aforementioned presumed surface position Rn which calculates at the aforementioned process 
which carries out an operation makes the aforementioned real position m the starting point, is a size corresponding to 
the aforementioned amplitude information value An, and can make it the position amended by the sense of the 
perpendicular taken down from the aforementioned real position m to the curve specified at least according to three 
points of fiiiit position m+1 of the aforementioned real position m and this near, and m-1. If it does in this way, the 
high presumed surface position Rn of precision can be obtained more. 

[0020] As for the aforementioned presumed surface position Rn calculated at the aforementioned process which carries 
out an operation, in this invention, it is desirable to season fiirther the size corresponding to the aforementioned 
ampHtude information value An with the amoimt D of offset to the stylus shaft of the contact section of the 
aforementioned stylus. The amount D of offset is given in the radius etc., if the contact section of stylus is spherical. I 
hear that these consider the distance of an actual contact position to a stylus shaft position, and there are. 



[0021] In this invention, it is desirable to perform the aforementioned operation from the information value groups AO- 
Am which complete previously the scan to the aforementioned front face which should carry out measurement, 
memorize the real position m corresponding to all required aforementioned amplitude information value An and this 
required about the aforementioned front face one by one to the meantime, and were memorized after this, and the real 
position groups rO-rm corresponding to this, and to obtain the presumed surface position groups RO-Rm. Memorizing 
the amplitude information value An and the real position m corresponding to this one by one should just use suitably 
the computer system of the exterior mentioned above etc. Since it is good, operation in each can be adjusted so that it 
may become the fastest without being able to make control simpler than the case where it carries out in parallel and 
taking mutual timing of operation into consideration, since the information values AO- Am, the scanning process which 
detects the real positions rO-rm, and the operation process which calculates the presumed surface position groups RO- 
Rm can be performed one by one separately, if it does in this way. 

[0022] In the process which the aforementioned contact detection probe is equipped with the 2nd excitation means 
which resonates the aforementioned stylus on frequency f2 in the axial intersection direction fiirther in this invention, 
and carries out the aforementioned scan When a predetermined phase has vibration by the excitation means of the 
above 2nd, the amplitude information value An of the aforementioned detecting signal outputted from the 
aforementioned detector shall be latched, and this latched amplitude information value An shall be controlled as 
compared with the aforementioned criteria information value As. If it does in this way, in the tapping method which 
mentioned this invention above, it is realizable. 

[0023] Under the present circumstances, it is desirable to carry out the abbreviation rectangular cross with the move 
direction of the aforementioned base material in the aforementioned process which carries out a scan while the 
direction of vibration of the aforementioned stylus by the excitation means of the above 2nd carries out an abbreviation 
rectangular cross at the shaft orientations of the aforementioned stylus. Whenever it does in this way, tapping can be 
given in the abbreviation right-angled direction to the measurement front face of a device under test. 
[0024] It sets to this invention, and the aforementioned base material has a posture operation means to make the 
aforementioned contact detection probe rotate and incline into an arbitrary posture, and you may make it operate the 
posture of the aforementioned contact detection probe according to the configuration of the aforementioned device 
under test. Even when the measurement front face of the aforementioned device under test and the shaft of the 
aforementioned contact detection probe can be carried out in parallel and the measurement front face of the 
aforementioned device under test is carrying out the inclination etc. by this, implementation of the measurement based 
on this invention can be performed easily. 

[0025] under the present circumstances, the thing for which the aforementioned posture operation means is operated so 
that the direction of vibration of the aforementioned stylus by the excitation means of the above 2nd may turn into the 
direction of a normal of the front face of the aforementioned device under test where the aforementioned contact 
section contacts - things are desirable Thereby, even when the measurement front face of the aforementioned device 
under test is carrying out the inclination etc., tapping of the direction of a normal can perform more exact 
measurement. 

[0026] In addition, if in charge of operation of the posture of a contact detection probe, the information about the 
measurement front face of a device under test is needed. In advance of the measurement based on this invention, this 
information may perform two or more position measurement on the front face of measurement of a device under test, 
and may deduce tiie configuration on the front face of measurement, or may use, the design data, for example, the 
CAD data, of a device imder test. 

[0027] In this invention, vibration of the aforementioned stylus by the excitation means of the above 2nd has a linear 

desirable thing, thus — if it carries out — this invention **** — suitable tapping operation is realizable 

[0028] 

[Embodiments of the Invention] Hereafter, one gestalt of operation of this invention is explained based on a drawing, 
in addition - the same as that of the portion or member already explained by tiie following explanation, or an 
analogous portion - the same sign - giving - the explanation - an ellipsis - or it carries out simple The inside-and- 
outside side measuring device which built the surface type-like measuring method concerning the 1st operation gestalt 
of this invention into drawing 1 and drawing 2 is shown. 

[0029] The inside-and-outside side measuring device 1 is constituted including the main part 2 of a measuring 
instrument, a controller 3, the drive circuit 4, a detector 5, and a personal computer 6. The drive circuit 4 is for 
vibrating the touch signal probe 100 in the direction which intersects perpendicularly with the shaft orientations and the 
shaft of stylus, and a detector 5 is a portion which processes the electrical signal from the detection means prepared in 
stylus, and is outputted to a controller 3. Moreover, a personal computer 6 performs data processing of the information 
from the control means 31 of a detector 5 or a controller 3, and evaluates the roundness of Work W etc. while it outputs 



a control signal to a controller 3 and performs motion control of the main part 2 of a measuring instrument. 
[0030] The main part 2 of a measuring instrument installs Work W, measxires the shape of surface type, and is 
constituted including the XYZ table 21 on which this work W is installed, the support 22 set up by the edge of this 
XYZ table 21, the base material 23 prepared in the extension direction of this support 22 free [ shding ], and the touch 
signal probe 100 supported by this base material 23. By drawing 1 , the XYZ table 21 is equipped with the X-axis 
adjustment mechanism and Y-axis adjustment mechanism to which Work W is moved along the field of the XYZ table 
21, and the Z-axis adjustment mechanism in which Work W is moved in the direction of a normal of the field of the 
XYZ table 2 1 , in order that the bottom of abbreviation of illustration may install Work W in a position. And after 
installing Work W in the XYZ table 21, these axial adjustment mechanisms are operated and exact positioning of this 
workisperfomied. 

[003 1] A base material 23 is equipped with the X-axis drive and Y-axis drive to which the bottom of abbreviation of 
illustration moves the touch signal probe 100 along the field of the XYZ table 21, and the Z-axis drive to which a base 
material 23 is moved up and down along with a support 22 by drawing 1 , and motion control of these axial drives is 
carried out by the controller 3 mentioned later. A controller 3 is a portion which carries out motion control of the base 
material 23, and is equipped with control means 31 and the evasion means 32. 

[0032] Control means 31 perform motion control of the base material 23 of the main part 2 of a measuring instrument 
based on the instructions from a personal computer 6. Control means 3 1 send the instruction velocity vector Vn for 
move operation to the axial drive of a base material 23, and the axial drive of a base material 23 performs movement 
based on this instruction velocity vector Vn. The criteria information value As is sent to control means 31 from a 
personal computer 6 at the time of an operation start etc. Control means 31 carry out the monitor of the amplitude 
information value An from a detector 5 during operation of a base material 23, they set up the instruction velocity 
vector Vn so that this amplitude information value An may approach the criteria information value As, and they control 
movement of a base material 23. The evasion means 32 stops the motion control by control means 31, when the 
detecting signal from a detector 5 cannot maintain a predetermined value, and the move direction of the touch signal 
probe 100 by the control means 3 1 till then is a portion which outputs the control signal which moves a base material 
23 to opposite direction. By this evasion means 32, the touch signal probe 100 will be in Work W and a non-contact 
state, and the injury by excessive contact force will be prevented. 

[0033] As shown in drawing 2 , the touch signal probe 100 is equipped with the stylus electrode holder 101, stylus 102, 
contact section 102A, counterbalance 102B, excitation means 103A, and detection means 103B. And between the 
stylus electrode holders 101 supported by a base material 23 and this base material 23, a 2nd excitation means 1 10 to 
vibrate stylus 102 in the direction which intersects perpendicularly with the shaft of this stylus 102 is established. In 
addition, in order to vibrate this stylus 102 in the arbitrary directions within the flat surface which intersects 
perpendicularly with the shaft of stylus 102, the 2nd excitation means 1 10 is equipped with X-axis excitation element 
1 lOX and Y-axis excitation element 1 lOY which makes it vibrate in the direction which intersects perpendicularly 
mutually, and X-axis excitation element 1 1 OX and Y-axis excitation element HOY is arranged in series between the 
stylus electrode holder 101 and the base material 23. 

[0034] The drive circuit 4 excitation means 103 A Is a portion which reaches and gives an electrical signal to the 2nd 
excitation means 1 10 on predetermined frequency, reaches excitation circuit 41 and consists of 2nd excitation circuits 
42. The excitation circuit 41 is equipped with the transmitter which generates an electrical signal with which excitation 
means 103 A operates on a predetermined amplitude and predetermined frequency, and, thereby, stylus 102 vibrates to 
shaft orientations on frequency fl . 

[0035] The 2nd excitation circuit 42 is equipped with the transmitter which generates an electrical signal which 
operates X-axis excitation element 1 lOX and Y-axis excitation element 1 lOY mentioned above on a predetermined 
ampUtude and predetermined frequency. In addition, this transmitter can adjust [ that it is independent and ] the 
amplitude of the electrical signal of each excitation elements 1 lOX and 1 lOY, although X-axis excitation element 
1 lOX and Y-axis excitation element 1 lOY is operated synchronously. And by giving the electrical signal with which 
amplitude differs to each excitation elements 1 1 OX and 1 lOY, stylus 102 vibrates in the arbitrary directions and stylus 
102 vibrates by synchronizing vibration of both the excitation elements 1 1 OX and 1 lOY in the arbitrary directions 
which intersect perpendicularly with the shaft of stylus 102 on frequency f2. 

[0036] The detecting signal (amplitude information value An) from a detector 5 is inputted into the personal computer 
6. The sampling signal of a predetermined period is outputted to the detector 5 from the personal computer 6, and a 
detector 5 outputs the amplitude information value An at the time of this sampling signal being sent. Moreover, the 
current position (real position ra) is inputted into the personal computer 6 from control means 3 1 . The same sampling 
signal as those for detectors 5 which were mentioned above is sent to control means 31, and control means 31 output 
the real position m corresponding to the amplitude information value An outputted from the detector 5 mentioned 



above to a personal computer 6. Furthermore, two or more data sets of the amplitude information value An mentioned 
above and the real position m are memorized in the personal computer 6, and the calculation function which carries out 
data processing of these and asks for the presumed surface position Rn is set to it by software. 
[0037] Next, the case where configuration measurement on the front face Wl of inner circximference of the work W as 
shows operation of the bore measuring device 1 concerning the 1st operation gestalt mentioned above to drawing 3 is 
performed is explained. 

(1 ) As shown in drawing 3 , acquire the position coordinate of the center Ow of inner circumference, and the radius Rw 
of **** by performing tripartite measurement beforehand or using CAD data etc. 

(2) Set the circle SI only with deltar smaller than a radius Rw as control means 3 1 as fundamental tracing of contact 
section 102A of operation in consideration of an amplitude by the 2nd excitation means 1 10 of stylus 102. Specifically 
based on the angle theta from the measurement start point PO in drawing 3 , and radius Rw-delta r, motion control of 
contact section 102 A is performed, since [ in addition, ] the amplitude of vibration which intersects perpendicularly 
with the shaft of the stylus 102 by the excitation means 2 is very minute - this deltar ~ the radius of contact section 
102 A — abbreviation — even if it considers an equal value, it does not interfere in practice 

[0038] (3) Set up the electrical signal of the 2nd excitation circuit 42 as a function of the aforementioned angle theta, 
and operate X-axis excitation element 1 lOX and Y-axis excitation element HOY which constitutes the 2nd excitation 
means 1 10 so that vibration by the 2nd excitation means 1 10 of stylus 102 may serve as the direction of a normal of the 
medial surface on the front face Wl of inner circumference. The direction to which the central point O and the 
measurement start point PO of a circle SI are connected is specifically made into the oscillating direction of X-axis 
excitation element 1 lOX. If frequency according the maximum force of the direction which intersects perpendicularly 
with the shaft of the stylus 102 of X-axis excitation element 1 1 OX and Y-axis excitation element 1 lOY to F and the 2nd 
excitation circuit is set to f2 The force Fx of X shaft orientations by X-axis excitation element 1 lOX and the force Fy 
of Y shaft orientations by Y-axis excitation element 1 lOY are set up as the following functions. 
Fx=F-sin(2pi-f2andt), costhetaFy=F-sin(2pi-f2andt), andsintheta - thereby, contact section 102A taps the inner 
circumference front face Wl with a predetermined period (l/f2) In addition, t in a formula shows time. 
(4) While vibrating stylus 102 to shaft orientations by excitation means 103 A, start the scan on the front face Wl of 
inner circumference by control means 31, tapping the inner circumference front face Wl by contact section 102A. 
[0039] (5) While control means 3 1 adjust the instruction velocity vector Vn suitably during a scan based on the 
amplitude information value An from a detector 5, moving a base material 23 and making it the touch signal probe 100 
move along the inner circumference front face Wl The real position m from the amplitude information value An and 
control means 3 1 from a detector 5 is accumulated at a personal computer 6 as the information value groups AO- Am 
and the real position groups rO-rm of each point of measurement n= 0 - every m. 

(6) If a scan is completed, a personal computer 6 will perform data processing from the accumulated amplitude 
information value groups AO-Am and the real position groups rO-rm, and will compute the presumed surface positions 
RO-Rm about each point on the scanned front face Wl of inner circumference. Hereafter, the detail of these scans and 
an operation procedure is explained. 

[0040] First, movement (it imitates and operates) of the touch signal probe 100 which is in charge of a scan is 
explained. In drawing 4 , the position of the touch signal probe 100 shall shift with m-1, m, m+1, and m+2. each - 
position m-1, m, m+1, and m+2 are expressed in the form of position vector m= (xn, yn) from the zero (0 0) of system 
of coordinates The arrow prolonged on both sides of each point in drawing expresses vibration of tapping operation. 
Here, the decision of the move direction vector at the time of moving to the following point m+1 from Point m (based 
on this, control means 3 1 set up an instruction velocity vector serially) is made as follows. 

[0041] In the n-th point of measurement, the amplitude information on vibration obtained from the detecting signal of 
the detection means 5 is set to An, and positional information of the touch signal probe 100 at this time is made into 
real position m= (xn, yn). Similarly in the n+lst point of measurement, the amplitude information on vibration 
obtained from the detecting signal of the detection means 5 is set to An+1 , and positional information of the touch 
signal probe 100 at this time is made into real position m+l= (xn+1, yn+1). The move direction vector from Point m to 
[ from these ] point m+1 becomes vn+l=(xn+l-xn, yn+l-yn) = (vx n+1, vy n+1). About the point of measurement in 
front of one, it becomes vn=(xn-xn -1, yn-yn -1) = (vx n, vy n) similarly. Therefore, it is as follows when the move 
direction vector is made size regularity. 
[0042] 
[Equation 1] 

R^=^V, „^+Vy „^=V, Vvy „+i^ (1) 



[0043] It is as follows when a vector product is taken using the unit vector ez of Z shaft orientations (shaft orientations 

of stylus 102) about the move direction vector Vn and Vn+1. 

[0044] 

[Equation 2] 

XV.,, =(Vvx„' + Vy,'^v„,i' + v^J siney, (2) 

[0045] 
[Equation 3] 

v„xv^,.(v.,v^)x(v^„v^,)-(v„v^,-v^,v^)e, (3) 

[0046] If a sampling-time interval is made small, since the change theta of tiie sense will become small, sin 
theta**theta and Lycium chinense grow and Lycium chinense grows as follows by deformation of this formula (2) and 
the formula (3). 
[0047] 

[ Equation 4 1 

+ v^' Jv„,,' + - v„v,„,i .v„,,V3„ -P„ (4) 

[0048] In the scan on the fi-ont face Wl of inner circumference, movement of the touch signal probe 100 is in a 
predetermined contact state in every position, that is, it needs to be performed so tiiat the amplitude information value 
An by contact may maintain the criteria information value As. That is, like drawin g 5 , supposing there is a difference 
(An-l-AS"An+2-As) of the amplitude information value An-l-A n+2 and the criteria information value As in each in 
each point m-l-m+2, it is necessary to control so that these disappear. Here, since Pn of a formula (4) is dependent on 
An, it can be expressed as follows using a proportionality constant k in the theta= 0 neighborhood. 
[0049] 
[Equation 5] 

Pn=k(Aa-A«) (5) 

[0050] As mentioned above, component Vx n+1 of the move direction vector and Vy n+1 can be calculated as follows. 



[0051] 
[Equation 6] 




(6) 



[0052] 
[Equation 7] 




(7) 



[0053] Furthermore, if these formulas (6) and a formula (7) are arranged, finally it can express as follows. 

[0054] 

[Equation 8] 

v,„.,--QoV„±v^Vl-Q.' 

(8) 

[0055] Thus, movement at the n+lst points (position vector Vn+1) from the n-th point (position vector Vn) can be 
determined using the amplitude information value An at that time. Usually, since such processing is performed by 
digital data processing, although a discretization error occurring and influencing a value R is predicted, it is solvable by 
amending a value R at any time so that it may become a predetermined size. As mentioned above, what is necessary is 
for the touch signal probe 100 to imitate, to perform control of operation, and just to move a base material 23 as an 
instruction velocity vector from control means 31 based on move direction vector Vn+1 calculated as mentioned above 
in this case. Moreover, since move direction vector Vn+1 becomes the form where the inner circumference front face 
Wl was met, if it is correcting so that it may be suitable in the direction which intersects perpendicularly with this 
move direction vector Vn+1, the inner circumference front face Wl will always be made as for the oscillating direction 
of tapping to the form struck in the direction of a normal. Therefore, it can scan, even when the configuration of a 
device under test is not known, and a measurement front face can always be certainly tapped in the direction of a 
normal. 

[0056] Next, the processing which calculates the presumed surface position Rn on the front face Wl of inner 
circumference (RO-Rm) is explained from the amplitude information value An acquired among the above scans by the 
sampling by each point of measurement, and the real position m (the amplitude information value groups AO-Am and 
the real position groups rO-rm which were accumulated). 

[0057] There are the following properties in the output signal of the touch signal probe 100 in drawing 6 . In the state 
(A) where the stylus 102 of the touch signal probe 100 does not touch the inner circumference front face Wl , the real 
position m of the touch signal probe 100 has pointed out the axis position of stylus 102, and this position's corresponds 
with the center position of contact section 102A at a nose of cam. If the inner circxmiference front face Wl will be 
contacted contact section 102A, the contact force Fl as reaction force from the inner circumference front face Wl will 
arise slightly. Inner circumference surface Wl position is calculable with this state by the sum with the spherical radius 
D of the real position m and contact section 102 A (the amount of offset from the axis of stylus 102). If stylus 102 is 
further forced on the inner circumference front face Wl, contact force F2 becomes large and it will be in the state (C) 
where stylus 102 bent. In this state, the axis position of stylus 102 and the center position of contact section 102 A shift, 
and the center position of contact section 102 A will be in the state of differing in the real position m which can be read 
from control means 3 1 . This amount of gaps is indentation dn, and exact measurement cannot be performed unless it 
carries out whether this value is abolished or it is always made regularity. 

[0058] In drawingJZ , in the state of drawin g 6 (A) mentioned above, even if contact section 102A and the inner 
circxmiference front face Wl do not contact but are located in which position, they are [ stylus 102 ] fixed at maximum 
AO. [ of the vibration-amplitude information value An of the stylus 102 which is in the resonance state of vibration fl, 
and is obtained from a detector 5 ] Like drawing 6 (B) mentioned above, if contact section 102 A contacts the inner 
circumference front face Wl, the resonance state of stylus 102 will collapse, vibration will be suppressed, and the 
amplitude information value An will decrease. Amplitude reduction becomes so remarkable that the contact force from 
the inner circumference front face Wl becomes strong (i.e., so that indentation becomes large). The proportionality in 
this case can be expressed with the sensitivity inclination ks. 

[0059] If it always controls from such a relation so that the amplitude information value An turns into the 
predetermined criteria information value As, the precision reservation by fixed-izing of indentation dn mentioned 
above is possible. Even if it is specifically going to maintain so that the amplitude information value An may turn into 
the predetermined criteria information value As, since movement of stylus 102 is predictor control, it will be shifted for 
a while like An near the criteria information value As. As mentioned above, from the relation between the real position 
m mentioned above, the amplitude information value An, and the criteria information value As, indentation dn is 
computable, and the presumed surface position Rn on the front face Wl of inner circumference can be computed by 
considering the radius D with still more nearly spherical contact section 102 A. The relation between scalar |dn| of 



indentation and the amplitude information value An is as follows from the sensitivity inclination ks and the peak swing 
value AO. 
[0060] 
[Equation 9] 

A„ - k^ld.J* Ao (9, 

[0061] Therefore, scalar |dn| of indentation is as foUows- 

[0062] 

[Equation 10] 

I*- 1- Z (10) 

[0063] Furthermore, it is as follows when scalar |Rn| of a presimied surface position is presumed in consideration of the 

spherical radius D of contact section 102 A. 

[0064] 

[Equation 11] 

|R.|-W-KI+D-k.|-^^*D (H) 

[0065] If the above processing is performed for every point of measurement, contact position presumption on all the 
front faces of the measuring object will be attained. In addition, although the property of the touch signal probe 100 
was made into the fixed sensitivity inclination ks corresponding to the variation rate in the explanation mentioned 
above, it is not necessarily regularity in fact. For this reason, if the property expression or the property table by the 
more nearly actually based function is adopted, much more improvement in precision is possible. In tihe above, 
although the procedure of presuming scalar |Rn| of a presumed surface position was described, presumption of the 
actual presumed surface position Rn which also considered the direction is explained. 

[0066] An end of the scan shown in drawing 4 accumulates the amplitude information value groups AO-Am and the 
corresponding real position groups rO (xO, yO)-rm (xm, ym) at the personal computer 6. The presumed surface 
positions RO-Rm on the front face Wl of inner circumference are obtained from these accumulation data as follows. 
First, when asking for the presumed surface position Rn, contact force determines the amendment direction for this as 
position vector R'n of the state of 0 at regular position vector Rn using fixiit position m-1 of order, and m+1 to the real 
position m. 

[0067] If it sets with auxiliary-wire vector h'n=mH-l-m-l as shown in dra wing 8 , vector hn=** (yn+l-yn-1, - (xn+1- 
xn-1)) perpendicular to this exists. In addition, in drawing, the vector hn perpendicular from carrying out 
[ abbreviation ] at the tangential direction of the correspondence position on the front face of measurement understands 
the direction and bird clapper to which the correspondence position on the front face of measurement and auxiliary- 
wire vector h'n cross at right angles. If the sense of the amendment to position vector Rn is considered among this 
direction, it is possible to choose one sense, as it imitates and the sense of the control corresponding to the amplitude 
information under measurement is determined. Since a measurement front face usually imitates not only in this, for 
example and the method of selection is known in which of the travelling direction of measurement, it may choose any 
one sense based on this. In this way, the unit vector in of the amendment sense is searched for from the selected vector. 

[0068] 

[Equation 12] 

- Kl (12) 

[0069] m to R'n is calculable by giving the sense of the upper formula (12) to the formula (11) mentioned above. 
[0070] 

[Equation 13] 

^■■'n"*A (13) 



[0071] Furthermore, it is as follows when the presumed surface position Rn is presumed in consideration of the 
spherical radius D of contact section 102 A which is the amount of offset. 



[0072] 

[Equation 14] 

R, -R'.+a. -r. -(d.-D)I. -r. -(^^-D>-. (,4) 

[0073] The presumed configuration on the fi'ont face of measurement (inner circumference fi-ont face Wl) is acquired 
by set (RO-Rm) of Rn obtained by the above. In addition, in the above-mentioned procedure, in order to use the 
information on the point of measurement of order, although the measurement surface position (RO, Rm) about the point 
(the Oth and the m-tii) of an edge will be obtained, it should just extend a scope by expanding end position in this case 
etc. 

[0074] According to the above 1st operation forms, after contacting stylus 102 on the surface of a device under test, the 
amplitude information value An of each point and the real positions m are collected by the scan of the aforementioned 
fi-ont face, and the presumed surface position Rn of each point can be calculated fi-om these. Under the present 
circumstances, although stylus has distance with a fi*ont face controlled so that the amplitude information value An of 
each point turns into the criteria information value As, it does not stop at each point until it is completed as the criteria 
information value As by the amplitude information value An, and does not take convergence time like before. On the 
other hand, the presumed surface position Rn of each point can draw the real position m with an amended type with the 
amplitude information value An, and even if stylus does not arrive at the position of the ampUtude information value 
An= criteria information value As, it can acquire an exact value. 

[0075] Since it was made to be determined by supposing that it is equivalent to the value to which instruction velocity- 
vector Vn+1 for movement doubled the scalar of the outer product of the last value Vn and Vn+1 concemed 
proportionality-constant k to the difference of the aforementioned amplitude information value An and the 
aforementioned criteria information value As at the time of a scan, control to which stylus is moved so that the 
amplitude information value An mentioned above may approach the criteria information value As can be performed 
simply and appropriately. 

[0076] After the presumed surface position's Rn deciding the following fiuit position m+l to the real position m in the 
case of an operation, the aforementioned real position m is made into the starting point, and it is a size corresponding 
to the aforementioned amplitude information value An. the above - a degree ~ real ~ position m+1 and one before - 
real ~ since it was made to consider as the position amended by the sense which intersects perpendicularly with the 
straight line which connects position m-1, ttie presumed surface position Rn can be obtained with a sufficient precision 
by the easy operation 

[0077] In the case of an operation, by seasoning fiirther the size corresponding to the amplitude information value An 
with the amount D of offset to the stylus shaft of contact section 102 A of stylus 102, the presumed surface position Rn 
can consider the distance of an actud contact position to a stylus shaft position, and can perform exact position 
measurement. 

[0078] About processing of a scan and an operation, the scan to the aforementioned front face which should carry out 
measurement is completed previously. The real position m corresponding to all required aforementioned ampUtude 
information value An and this required about the aforementioned front face is memorized one by one to the meantime. 
Since the aforementioned operation is performed from the information value groups AO- Am memorized after this and 
the real position groups rO-rm corresponding to this and the presumed surface position groups RO-Rm were obtained 
Since the information values AO-Am, the scanning process which detects the real positions rO-rm, and the operation 
process which calculates the presumed surface position groups RO-Rm can be performed one by one separately, Since 
it is good, operation in each can be adjusted so that it may become the fastest without being able to make control 
simpler than the case where it carries out in parallel and taking mutual timing of operation into consideration. 
[0079] While being able to make stylus 102 into a tapping method with this operation form according to making it 
resonate in the axial intersection direction on frequency f2, fiirthermore, in the case of a scan Since Ihe ampHtude 
information value An of the detecting signal outputted from a detector 5 is latched and it was made to control this 
latched amplitude information value An as compared with the criteria information value As when a predetermined 
phase had the vibration for tapping (frequency f2), exact control is realizable. 

[0080] Under the present circumstances, the direction of the vibration for [ in stylus 102 ] tapping (frequency f2) shall 
carry out the abbreviation rectangular cross with the move direction (the direction of a measurement front face, 
imitating direction) of the base material 23 in the process to scan, can write vibration of a parenthesis as it is linear, and 
can realize suitable tapping operation while it carries out an abbreviation rectangular cross at the shaft orientations of 
stylus 102. 

[0081] Next, the 2nd operation form of this invention is explained. The 1st operation form and equipment 



configuration which mentioned this operation form above, the procedure of a scan, etc. are the same, and the 
calculation procedures of the presumed surface position Rn which is the culmination of an operation procedure differ. 
For this reason, only the calculation procedure of the presumed surface position Rn which is a different portion is 
explained, and other intersections omit explanation. The calculation procedure of the presumed surface position Rn of 
this operation form is shown in drawing 9 . Although set up with auxiliary-wire vector h'n=m+l-m-l with the 
aforementioned 1st operation form, it sets up with auxiliary-wire vector h*n=m-m -1 with this operation form. A 
subsequent operation is the same as the aforementioned 1st operation form, and good. 

[0082] According to such a 2nd operation form, like the aforementioned 1st operation form, since the following fruit 
position m+1 is unnecessary, data processing of the detection data can be carried out immediately, namely, ~ tfie case 
where accumulate the detection data (the amplitude information value An and real position m) about all point of 
measurement previously like the aforementioned 1st operation form, collect later, and the presumed surface position 
Rn is calculated - a degree - real position m+l is obtained easily However, whenever it measures by each point of 
measurement, without accumulating detection data, when calculating the presumed surface position Rn, the following 
fiuit position m+l is not obtained until it shifts to the following point of measurement. However, by using the 
operation technique like this operation form, even when performing processing which does not accumulate detection 
data, data processing can be performed certainly. 

[0083] Next, the 3rd operation form of this invention is explained. The 1st operation form and equipment configuration 
which mentioned this operation form above, the procedure of a scan, etc. are the same, and the calculation procedures 
of the presumed surface position Rn which is the cuhnination of an operation procedure differ. For this reason, only the 
calculation procedure of the presumed surface position Rn which is a different portion is explained, and other 
intersections omit explanation. The calculation procedure of the presumed surface position Rn of this operation form is 
shown in drawing 10 . With the aforementioned 1st operation form, auxiliary-wire vector h'n=m+l-m-l was set up, 
and in the aforementioned 2nd operation form, auxiliary- wire vector h'n=m-m -1 was set up, and it calculated by 
drawing the perpendicular vector hn from each. On the other hand, with this operation form, two or more point of 
measurement near the m (m-1, m, m+l, m+2 grade) is chosen, the approximation curve Cn is set up based on each 
point, and a perpendicular is taken down fi-om the real position m to the real position m on this approximation curve 
Cn at a nearby point, and let this perpendicular be the perpendicular vector hn. A subsequent operation is the same as 
the aforementioned 1st operation form, and good. 

[0084] According to such a 3rd operation form, rather than the aforementioned 1st operation form, the perpendicular 
vector hn can be drawn using much point of measurement (m-1 , m, m+l , m+2 grade), and the accwacy of 
measurement can be improved further. Especially, it scans previously like the aforementioned 1st operation form, and 
inspection data are accumulated, and since the data of two or more point of measurement can use easily when 
collecting later and performing data processing, highly precise-ization can be attained easily. 

[0085] Next, the 4th operation form of this invention is explained. While having a posture operation means 24 to make 
the touch signal probe 100 rotate and incline into an arbitrary posture, in a base material 23 although the equipment 
configuration of this operation form is almost the same as that of the aforementioned 1st operation form as shown in 
drawing 1 1 , a controller 3 has the attitude control means 33, and the point of operating the posture of the touch signal 
probe 100 according to the inclination on the front face Wl of inner circumference of Work W by these is different. 
[0086] It is necessary to operate the posture of the touch signal probe 100, and the information about the inclination on 
the fi*ont face Wl of inner circumference of Work W is needed in actual measurement in advance of the scan on the 
fi'ont face Wl of inner circumference of Work W. What is necessary is to perform two or more position measurement 
on the fi-ont face Wl of inner circumference of Work W beforehand, or just to deduce the configuration on the fi-ont 
face Wl of inner circumference to this, using the design data (CAD data) of Work W. In the scan on the front face Wl 
of inner circumference of Work W, although it is made to become being the same as that of the 1st operation form 
about the relative-position relation on stylus 102 and the fi-ont face Wl of inner circxmiference, since an inclination is 
shown in the inner circumference front face Wl in this operation form, a Z-axis drive also scans by controlling by 
control means 3 1 besides the X-axis drive of a base material 23, and a Y-axis drive. 

[0087] In this operation form, since other equipment configurations are the same as that of the 1st operation form, 
explanation is omitted here. Since the relative-position relation on stylus 102 and the front face Wl of inner 
circimiference is the same as that of the 1st operation form, the operation procedure of the presumed surface position 
Rn by the scanning method in the 1st operation form, the 2nd operation form, and the 3rd operation form is applicable. 
In this operation form, since it has the posture operation means 24 and the attitude control means 33, contact section 
102A can always perform tapping in the direction of a normal on the front face Wl of inner circumference by 
acquiring the inclination information on the front face Wl of inner circumference beforehand. 
[0088] In addition, this invention is not limited to each above-mentioned operation gestalt, and also includes 



deformation as shown below. Although the surface type-hke measuring method concerning each aforementioned 
operation gestalt was used in order to measure the inner circumference front face Wl of the cylinder-like work W, it is 
not restricted to this as a device under test. That is, in order to measure continuously the work which has the periphery 
front face of the cylinder-like work W, and other complicated three-dimensions configurations, you may use this 
invention. 

[0089] moreover each aforementioned operation gestalt - the [ an excitation means and ] - although 2 excitation 
meanses were constituted from piezoelectric devices 103 A and 1 10 - not only this but other structures - the [ an 
excitation means and ] - you may constitute 2 excitation meanses the [ which can vibrate stylus on predetermined 
frequency in short in tiie direction which intersects perpendicularly witii shaft orientations and a shaft / an excitation 
means and ] - as long as it is 2 excitation meanses, you may adopt other composition 

[0090] Furttiermore, although the touch signal probe was moved and the work was measured with each aforementioned 
operation gestalt, you may measure by moving the XYZ table which laid the work. Moreover, a posture operation 
means carries out preparing a posture operation means in the work installation side of not only a thing but a XYZ table 
established in a base material etc., and you may make it operate the posture of a work. In addition, concrete structure, a 
concrete configuration, etc. in the case of operation of this invention are good also as structure of others [ the range 
which can attain the purpose of this invention ] etc. 

[0091] Furthermore, what is necessary is just to take into consideration the amount of offset from a reference-axis line 
to a contact position that what is necessary is just to choose suitably the configuration at a concrete form of a contact 
detection probe, especially the nose of cam of stylus etc., if it is the amount D of offset, then other good configurations 
about the radius, if it is spherical contact section 102 A like the aforementioned 1st operation gestalt. Moreover, 
although considered as the probe which performs tapping operation with each aforementioned operation gestalt, this is 
not performed, it imitates and this invention is applicable also to measurement of operation. In this case, what is 
necessary is just to omit suitably the 2nd excitation means of each aforementioned operation gestalt etc. 
[0092] 

[Effect of the Invention] Working efficiency can be raised avoiding the influence of the convergence time for every 
point of contact of the device under test in contact detection of an oscillating type, and maintaining the accuracy of 
measurement highly, since a probe is not stabiHzed for every point of measurement and it enabled it to compute a 
presumed surface position by processing of detection data according to the surface type-like measuring method of this 
invention as mentioned above. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 
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g^S(c^{t^n5Xi^(^2 3 :^(D^n^2z\-xn 

5« xyzt"— ::^^W2 1 {i. lil i -ct^igl^^l&Lfcid^ 

Yz'r—y;^2 \(Dm\^f^<:>x^m^'^^^^wmmm 
<o^(omu^[^\mm^^^zmmmmt^m7LX\^^ 

[0 0 3 1] :^i^f^^2 3 1^. lgliriiIll^^B&Lfc;6^ 
40 ^ y^im^^u--':/! 0 0 Y Zt^— ^/l- 2 KOmc 

o r 5»S) $ -fr ^ X ittigSiffi«i:jB J: tj« Y ffti^ibttiflt ^ . 
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